Abstract Cardiovascular disease is the second leading cause of death (9.1 %) in Taiwan. Heart function deteriorates with age at a rate of 1 % per year. As society ages, we must study the serious problem of cardiovascular disease. SIRT1 regulates important cellular processes, including anti-apoptosis, neuronal protection, cellular senescence, aging, and longevity. In our previous studies, rats with obesity, high blood pressure, and diabetes exhibiting slowed myocardial performance and induced cell apoptosis were reversed via sports training AGE (2014) 36:9706 
Introduction
Cardiovascular disease involves the pathological damage of the heart and major blood vessels near the heart (Shoucri 1991) . The Department of Health, the Executive Yuan, R.O.C. (Taiwan), published a report on the top ten leading causes of death, indicating that cardiovascular disease has become the second major cause (9.1 %). Other heart related diseases and complications, such as cerebrovascular disease and hypertension, are the third (9.3 %) and tenth (1.3 %) causes of death, respectively.
As people age, heart function deteriorates at 1 % each year. In old age, human blood circulation and cardiovascular compensatory mechanisms deteriorate, enhancing the risk for high cholesterol, hypertension, diabetes, cerebrovascular disease, obstructive sleep apnea (OSA), ventricular hypertrophy, ischemic heart disease, myocardial infarction, and related cancers (Cheitlin 2003; Khang et al. 2008) . These are all serious issues that middle-aged people in modern society must face as they age. More research should concentrate on the relationship between aging and cardiovascular disease. There are various reasons for cardiovascular disease, including heredity, obesity and excessive weight, hypertension, diabetes mellitus, hyperlipidemia, alcoholism, smoking, gender difference, and aging (Hobi et al. 2006) .
Previous studies have indicated that exercise training is an integral part of cardiac rehabilitation and is effective both in young and old people. Exercise training has been proven to be very effective for both the prevention and management of many diseases, especially metabolic syndrome . In this study, we predicted that exercise training can effectively improve cardiac function in naturally aging rats. We expected that exercise training could reduce cardiomyocyte apoptosis caused by natural aging in the rat heart. We also expected the Fas receptor and FADD in the death-receptordependent apoptotic pathway and the mitochondriadependent apoptotic pathway to be effectively reduced through proper exercise training in aging rat heart tissue. In contrast, IGF and IGF1R in the survival pathway could be compensated and increased through exercise training in aging rat heart tissue. Additionally, which is associated with the anti-aging SIRT1 pathway, we expected exercise training to effectively preserve the function of cardiomyocytes.
Apoptosis is involved in the regulation of many intracellular physiological and pathological conditions, including the development of embryos, tissue and organ formation, and immune system generation (Schwartzman and Cidlowski 1993) . In mammalian cells, there are two major apoptotic pathways divided into intrinsic mitochondrial and extrinsic death receptor activation (Crow et al. 2004; Fischer et al. 2004) . Extrinsic death receptor activation is a predisposing factor for inducing apoptosis in other immune system cells.
In vitro, the cell releases predisposing factors in conjunction with the cell membrane receptor via aggregation to become a composite body (Czerski and Nuñez 2004) . The FASL/FAS/TNF-α pathway incorporates adaptive proteins such as the Fas-associated death domain (FADD), which uses the death domain (DD) to bind death receptors, such as the pro-caspase-8 or procaspase-10 interaction platform to activate caspase-8 or caspase-10 molecules, respectively, that activate other proteins in the downstream signaling pathway (Bishopric et al. 2001 ). This activation reaction series has a positive singling network called a positive feedback mechanism. Mitochondria signaling pathways activated by caspase-8 strengthen and stabilize the signal transmission to induce apoptosis (Riedl and Shi 2004) .
Insulin-like growth factor 1 (IGF1) has important survival roles in myocardial cells to promote survival. Obese rats have reinforced obesity regulation functions, and coincidentally, insulin and IGF1 networks may be adjusted by the signaling protein inositol phospholipid 3-kinase, PI3K. Myocardial cells provide multisignaling pathways in cell regulation. These multiple protein regulations contain phosphatidylinositol 3-kinase (PI3K), Akt, protein kinase B (PKB), and calcium ions (Catalucci and Condorelli 2006; Khoynezhad et al. 2004; Lai et al. 2003; Latronico et al. 2004) . Animal experiments have confirmed that IGF1 in the heart increases anti-apoptotic protein (Bcl-xL) mitochondrial performance in vivo (Yamamura et al. 2001) . Over-expression of cardiac-specific IGF1 (Torella et al. 2004 ) has an effect on anti-apoptosis. At the same time, it was found that IGF1 plays a role by increasing apoptosis in IGF1-deficient rats during myocardial infarction (Palmen et al. 2001) . IGF1 is very important in determining the rate of the aging process (Eli and Fasciano 2006) . This study explores how aging is highly correlated with cardiovascular disease mortality for 51-to 98-year-old men and women. Based on the above results, IGF1 is beneficial for the aging heart and will increase the number and growth of cardiac stem cells, thus promoting muscle cell differentiation and function (Torella et al. 2004) .
Silent information regulator 2 (Sir2) was first discovered in yeast and encoded a 63-kDa protein (Brachmann et al. 1995) . All proteins of this class contain a conserved core catalytic domain, which corresponds to the COOH-terminal region of yeast . A highly conserved region between amino acids 255 to 275, with the conserved GAGxSxxxG sequence, has a weak similarity to part of the NAD + binding domain in 6-phosphogluconate dehydrogenases (Bisercić et al. 1991) . Sir2-like proteins (sirtuins) are present in all species of the animal kingdom. The most highly related mammalian homolog of yeast Sir2p is called Sirtuin 1 (SIRT1) (Frye 1999) .
In the process of aging, many oxidant molecules and reactive oxygen species (ROS) are released into the body. Moreover, many of these molecules accumulate in various cells and tissues. An important mechanism involved in this process is represented by SIRT1, the activity of which is reduced by aging . SIRT1 is involved in the oxidative stress response and in aging. It has been shown that SIRT1 activity increases in antioxidant capacity after moderate and prolonged exercise training in the hearts of aged rats (Ferrara et al. 2008) .
Exercise training will activate the muscle cells of the AMP-activated protein kinase (AMPK), and AMPK will further promote downstream pathways of SIRT1 and peroxisome-proliferator-activated receptor coactivators (PGC-1α) (Suchankova et al. 2009 ). PGC-1α effects glucose transport regulation and mitochondrial biogenesis (Jäger et al. 2007; Lagouge et al. 2006) . In previous laboratory studies, it was proven that PGC-1α exacerbated myocardial apoptosis in rats with diabetes, obesity, and high blood pressure. After exercise training, the heart muscle in rats with diabetes, obesity, and high blood pressure activated the survival pathway, thereby inhibiting the myocardial apoptosis pathway Lee et al. 2012; Cheng et al. 2013) . When an individual suffers from obesity, hypertension, and diabetes, this may be referred to as metabolic syndrome. Metabolic syndrome is a complex of interrelated risk factors for cardiovascular disease (CVD) (DeFronzo and Ferrannini 1991) . Metabolic syndrome occurs in modern society and is more common among middle-aged people and the elderly. The SIRT1 regulatory mechanism de-acetylates PPAR-γ coactivator-1a (PGC-1a) and activates PGC-1a. PGC1a functions as a coactivator with pleiotropic (Knutti and Kralli 2001; Lin et al. 2005) . Most importantly, SIRT1 can control muscle function and mitochondrial biogenesis (Lin et al. 2002) .
Therefore, this study involved three groups with different ages of Sprague-Dawley (SD) rats to investigate relevant myocardial functions and signaling molecules and whether exercise training can reduce cardiovascular disease in rats of different ages. We further attempted to understand the myocardial cell molecular regulation mechanisms in aging with or without exercise.
Methods and materials

Animal models
The study was performed using 26 Sprague-Dawley (SD) rats. The rat ages and numbers were ten 3-monthaged rats, ten 12-month-aged rats, and six 18-monthaged rats. Each age group was randomly divided into two groups: aging rats (A) and exercise training aging rats (AE). Exercise training was 20 min per session in the first 2 weeks, 30 min in the 3rd week, and 60 min in the 4th to 12th weeks, with five sessions per week for a total of 12 weeks. Ambient temperature was maintained at 22-24°C, and the animals were kept on an artificial 12-h light-dark cycle. The light period began at 7:00 in the morning. The rats were provided with standard laboratory chow (Lab Diet 5001; PMI Nutrition International Inc., Brentwood, MO, USA) and water ad libitum. All protocols were approved by the Institutional Animal Care and Use Committee of China Medical University, Taichung, Taiwan, and the principles of laboratory animal care (NIH publication) were followed.
Exercise training
The 12-week exercise training protocol was implemented according to the study of Chen Hi et al. (1996) . At the beginning of exercise training, rats from the AE group had to swim 20 min per day, five times per week in the first 2 weeks. In the third week, the training time was increased to 30 min per day, five times a week. In the 4th to 12th weeks, the swimming training time was increased to 1 h per day. After the exercise training, heart tissues were collected, the left ventricle tissue was isolated, and the tibial length was measured. The experimental data were statistically analyzed.
Histological analysis
We removed tissue from the left ventricles, washed the samples using 1× phosphate-buffered saline (PBS), and then fixed them for 12 h using formalin. After 12 h, the tissues were dehydrated. The prepared tissue samples were immersed in PBS for 30 min and then in 0.85 % NaCl(aq) for another 30 min. Under different alcohol concentrations (70, 85, 95 , and 100 %), the samples were soaked for 15, 30, 30, and 30 min, respectively. Each step in this process was repeated two times to dehydrate the samples completely. The dehydrated tissue samples were then embedded. The samples were soaked in 100 % xylene two times for 30 min, then in a xylene and paraffin solution (v/v=1/1) for 45 min at 60°C and, finally, in 100 % paraffin three times for 20 min at 60°C. These embedded samples were cut into sections and sorted, with a thickness of approximately 0.5 μm and then analyzed.
Hematoxylin and eosin staining
The tissue sections were dyed using hematoxylin and eosin (H&E). First, the sections were de-waxed and then dyed using hematoxylin for 3 min. After 3 min, the sections were washed two times in double-distilled water (DDW) and then soaked in 85 % alcohol for 1 min. We then dyed the sections with eosin for 5 min and immersed them in 70, 80, and 90 % alcohol, successively. The sections were then soaked in 100 % alcohol for 2 min and two times in xylene for 30 s. The sections were then sorted and photographically analyzed.
Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin nick end labeling assay
We placed the tissue sections in the upper side of a hybridization incubator at 58°C overnight or 60°C for 30 min to dissolve the wax. The sections were then soaked in 100 % xylene and shaken for 5 min. The process was conducted three times to de-wax the samples. The de-waxed sections were soaked in 100, 90, 85, and 75 % alcohol for 5 min, successively, followed by shaking in DDW for 5 min. After completely rehydrating the sections, we carefully dried the surfaces using paper. A Dako pen was used to depict the section ranges. It was important that the sections remained wet. We covered the sections with proteinase K for 25 min and then washed them in 1× PBS two times for 4 min and dried the section surfaces again. A 0.1 % sodium citrate solution was poured over the sections and left for 8 min, and the sections were then washed in 1× PBS two times for 5 min and dried. Blocking buffer (0.1 M TrisHCl+3 % BSA) was poured onto the sections and left for 30 min, and the sections were then washed two times in 1× PBS for 5 min. A 1:9 enzyme solution was then poured over the sections. The samples were kept in a hybridization incubator under reduced light for 1 h and then washed in 1× PBS two times for 5 min followed with photographic analysis.
DAPI stain
The terminal deoxynucleotidyl transferase mediated dUTP-biotin nick end labeling (TUNEL) assay DAPI dye was diluted using 1× PBS to DAPI: 1× PBS= 1:10,000 and kept on the slides for 5 min under reduced light, and then, the slides were washed in 1× PBS two times for 5 min. We observed the sections under fluorescent microscopy.
Tissue grinding
The collected left ventricle tissues of the A (A3, A12, and A18, the numbers indicating the age in months) and AE (AE3, AE12, AE18) groups were washed in PBS buffer and then weighed. Approximately 0.1 g tissue was added by 1 mL lysis buffer into the mixture, and the mixture was homogenized for 20 min, at 1,200 rpm and 4°C. After stirring, we extracted a clean upper layer suspension. The homogenization was repeated to extract a clean upper layer suspension.
Western blotting
The protein samples and 5× loading dye were mixed and boiled for 10 min and then analyzed using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The upper SDS-PAGE layer was 4 % stacking gel, and the bottom layer was 10 or 12 or 14 % separating gel. The prepared SDS-PAGE was fixed onto a vertical electrophoresis system, and the electrode buffer was reloaded into the bank. The prepared protein samples were then loaded into U-type cannelures. The gel electrophoresis worked continuously under 75-100 V, and the voltage was chosen by the acquired time. After the electrophoresis was completed, the gel was removed from the tank, smoothed out upon wet Whatman 3 M filter paper, and covered with an alcohol-immersed polyvinylidene difluoride (PVDF) membrane and another 3 M filter paper. A glass rod was used to strip the bubbles away from the membrane. The gel and the papers were placed into a transfer holder and then soaked in transfer buffer in an electrotransfer tank for 1.5 h, under 100 transferred volts and at 4°C. One and one-half hours later, we placed the PVDF membrane into a 5 % blocking buffer/ Tris-buffered saline (TBS)-non-fat milk powder solution and shook it for 1 h at RT. After shaking, the PVDF membrane was incubated with the primary antibody overnight in a 4°C refrigerator. The next day, the PVDF membrane was washed with washing buffer (1× TBS) three times for 10 min. The buffer was then poured out. After washing, the secondary antibody (2 μL/mL 1× TBS buffer) was added and incubated for 2 h in 4°C, and then, the membrane was washed again with washing buffer. Finally, the membrane was colored with A/B solution (1:1).
Statistics
The experimental data were given as the mean ± SEM. The differences between two groups were analyzed using Student's t test. The difference between multiple groups were analyzed using one-way ANOVA, and p < 0.05 was considered significant.
Result
Body weight and cardiac characteristics
The SD rat heart tissues were used to analyze the differences between groups in the experiments. First, we weighed the tissue and measured the tibia length of each group, and then we dissected whole heart samples and removed the residual adipose tissue and the blood vessels from the specimen. Excess specimen water was dried using paper towels pressed gently against the tissue before weighing the whole heart weight. This was followed by separating the left ventricle and weighing it (g). Statistical analysis was applied to determine the significance of different relationship factors. We studied the relationship between left ventricular weight and tibia length. This value agrees more closely with the estimates based on tibial length than with those based on left ventricular weight. To predict the left ventricular weight in aging rats, a regression equation using left ventricular weight, age, and tibial length was derived (Yin et al. 1982) . By quantifying and comparing the ratio, it was found that the ratio in SD rats changed with left ventricular weight and influenced the cardiac index data. The experimental results shown in (Table 1) indicate that the left ventricular weight and heart chamber increase proportionally with age. Without exercise training, rat (C3, A12, and A18) left ventricular weight indexes increased with age. The left ventricular weight of the exercise training groups (E3, AE12, and AE18) improved significantly compared to the no exercise training groups. The ratio of left ventricular weight to tibia length is proportional to age.
TUNEL apoptotic cells in cardiac tissues
We investigated whether DNA breakage could have serious effects during aging in cardiomyocytes. DNA fragmentation in apoptosis is usually associated with structural changes in cellular morphology and can be examined using the TUNEL assay. The in situ staining of DNA strand breaks detected by the TUNEL assay and subsequent visualization by light microscopy provides biologically significant data regarding DNA damage relating to apoptosis.
We performed a histopathological analysis of ventricular tissues stained with hematoxylin and eosin (Fig. 1) . After viewing ×400 magnified images, we observed that, of the aging groups (C3, A12, and A18), C3 had normal myocardial cell architecture and volume. However, the A12 and A18 groups exhibited abnormal myocardial architecture and volume due to aging. This phenomenon was improved in all the exercise groups (E3, AE12, and AE18), and the experimental results are shown in Table 1 .
The apoptotic cells and total cells were quantified using the TUNEL assay and DAPI staining, respectively, to view the apoptotic activity in cardiac tissues from the aging (C3, A12, and A18) and exercise (E3, AE12, and AE18) groups. Viewing images magnified ×400, we observed that the left ventricles of the aging groups (A12 and A18) stained with the TUNEL assay had a greater number of TUNEL-positive cardiac cells than those in the C3 group. Additionally, the left ventricles of the exercise groups (E3, AE12, and AE18) had fewer TUNEL-positive cells than those in C3, A12, and A1 (Fig. 2a) . Moreover, the ImageJ software analyzed the number of apoptotic cells with one-way analysis of variance (ANOVA) statistical analysis, showing differences with p < 0.001 for C3:18 and p < 0.01 for A18:AE18. The results in Fig. 2b show significant differences. Table 1 Experimental results for Sprague-Dawley (SD) rats and aging rats with or without exercise training (A and AE) Values are means±SD LVW left ventricular weight *p<0.05; **p<0.01; ***p<0.001, significant differences between the C3 and A12 or A18 groups # p<0.05; ## p<0.01; ### p<0.001, significant differences between the aging (C3, A12, and A18) and exercise (E3, AE12, and AE18) groups 9706, Page 6 of 13 AGE (2014) 36:9706 Immunoblotting analysis
To investigate the upstream components of the cardiac Fas-receptor-dependent apoptotic signaling pathway in aging rats after exercise training, we measured Fas, FADD, caspase-8, and caspase-3 (Fig. 3a) . The aging groups (C3, A12, and A18) displayed myocardial apoptosis, but in the exercise groups (E3, AE12, and AE18), Fig. 1 Hematoxylin and eosin staining (H&E staining). Cardiac tissue sections stained with hematoxylin and eosin. The myocardial architecture images were magnified ×400. The scale bar is 100 μm Fig. 2 a Representative apoptotic cells in cardiac sections from the left ventricles of SD rats, in the aging (C3, A12, and A18) and exercise (E3, AE12, and AE18) groups, measured using DAPI staining (upper panels, blue spots) and the TUNEL assay (lower panels, green spots). The images were magnified ×400. The scale bar is 100 μm. b Bars present the percentage of TUNEL-positive cells relative to total cells. *p<0.05; **p<0.01; ***p<0.001, significant differences between the C3 and A12 or A18 groups. .001, significant differences between the aging (C3, A12, and A18) and exercise (E3, AE12, and AE18) groups apoptosis was suppressed. We also investigated the mitochondria-dependent pathway signal proteins, cytochrome c, caspase-9, and caspase-3 (Fig. 3b) . In the aging groups (C3, A12, and A18), protein expression increased with age. However, the exercise groups (E3, AE12, and AE18) showed improvement when compared to the aging group.
To investigate the correlation between apoptosis and the survival pathway, we tested IGF1, pIGF1R, pPI3K, and pAKT from the survival pathway (Fig. 3c) . The IGF1, pIGF1R, and pPI3K signals from the three signaling molecules in the aging group (C3, A12, and A18) did not change significantly, but the pAKT level was greatly reduced in the aging process. Comparing the aging groups with the exercise groups, each exercise group's pAKT expression level was slightly greater than that of the respective aging group. The expression showed increasing upstream IGF1, with the survival pathway losing its original compensative function in the heart with or without exercise training.
Our experiments also looked at the longevity-related signaling molecules, pAMPK, SIRT1, and PGC-1α (Fig. 4) . Interestingly, the SIRT1 pathway protein increased with age. pAMPK, SIRT1, and PGC-1α were significantly lower with age in the aging groups (A12 and A18). Comparing the exercise groups (E3, AE12, and AE18) to aging groups (C3, A12, and A18), in which pAMPK, SIRT1, and PGC-1α were lower, a compensatory increase was demonstrated in this longevity-related signaling pathway.
Discussion
As an individual ages, cardiomyocyte mitosis gradually slows down. Any of the simulated factors can promote the compensatory mechanism of myocardial cells. More myocardial cells are produced to reduce the workload in response to a gradual increase in workload. Unfortunately, myocardial cells express no re-differentiation in their lives, and any attempt to solve the insufficient function problem leads to cardiac hypertrophy, which supports the function of the defective heart more efficiently (Sugden and Clerk 1998) . Hypertrophy of the cardiomyocyte includes changes in cell size and appearance, which are referred to as called remodeling (Aiello and Binotto 2007) . The after-load and pre-load or any pressure increase triggers cardiomyocyte remodeling, with increases in cell length and width in the early period. This is known as physiological hypertrophy and supplies the body with blood pumped from the heart to cope with a sudden increase in pressure. Heart physiological hypertrophy is an urgent adaptive response to stress. If the pressure is not reduced by physiological hypertrophy, myocardial cells will not withstand an excessive load for an extended period. Recurrent excessive heart loads will create pathological hypertrophy, and this phenomenon is irreversible in the heart (Tezuka and Takahashi 1976) . After long-term injury, myocardial cells will cease to withstand the excessive strain, bringing about exhaustion and apoptosis.
Our previous experiment found that poor health factors can cause heart disease, such as high blood pressure, obesity, diabetes, and even secondhand smoke in rats. The apoptotic pathway exhibits increased levels with a reduced survival pathway in these situations. Exercise training and eating purple sweet potato yogurt can help to prevent heart failure and apoptosis Kuo et al. 2005; Lin et al. 2013; van Tol et al. 2006; Huang et al. 2012) . Spontaneously hypertensive rats (SHR) of advanced age exhibit depressed myocardial contractile function and ventricular fibrosis, and as a result, stable compensatory hypertrophy progresses to heart failure. In spontaneously hypertensive rats of advanced age, the contraction ability of heart decreases (Boluyt et al. 1995) . The left ventricular weight increased, and the mean cardiomyocyte number increased slightly with age to cause hypertrophy. However, hypertrophy improved after exercise training (Table 1) . Fig. 3 a The representative protein products of the Fas receptor, FADD, caspase-8, and caspase-3 extracted from the left ventricles of two rats in each group, SD rats (C3), aging rats (A12, A18), and aging, exercise-trained rats (E3, AE12, AE18), measured using Western blotting. b The representative cytochrome c, caspase-9, and caspase-3 protein products extracted from the left ventricles of two rats in each group, SD rats (C3), aging rats (A12, A18), and aging, exercise-trained rats (E3, AE12, AE18), measured using Western blotting. c The representative protein products of IGF1, pIGF1R, pPI3K, and pAkt extracted from the left ventricles of two rats in each group, SD rats (C3), aging rats (A12, A18), and aging, exercise-trained rats (E3, AE12, AE18), measured using Western blotting. α-Tubulin was used as an internal control. *p<0.05; **p<0.01; ***p<0.001, significant differences between the aging (C3, A12, and A18) and exercise (E3, AE12, and AE18) groups b 9706, Page 8 of 13 AGE (2014) 36:9706 As shown in Fig. 3 , the expression of caspase-3 and caspase-9 in rat hearts increased with age, as did mean cell apoptosis. This can be reduced by exercise training. Our previous reports revealed an anti-hypertrophic effect in rat hearts through exercise training (Chang et al. 2013; Lee et al. 2013; Lee et al. 2008; Huang et al. 2012 ). This aging model expression after stimulation is weakened with increasing age. We speculate that the aging rat cardiac tissue repair capacity is decreased so that the survival pathway cannot return to the same vigor as that in young rats after exercise training (Fig. 3a) . The TUNEL assay of biopsied samples did not detect increased apoptosis. This may suggest that the apoptotic cells are not cardiomyocytes and that exercise training does indeed regulate heart remodeling in young rat hearts (Trask et al. 2012) . In other words, remodeling caused by exercise has favorable effects on cardiac rehabilitation (Giallauria et al. 2009 ).
In the heart, the IGF1 survival pathway is more easily stimulated and susceptible to increased expression of upstream IGF1 with age and without exercise training. However, downstream pAkt only increased in young rats after exercise training (Fig. 3c) . When ROS accumulated in vivo, Sirt1 increased cellular stress resistance by increasing insulin sensitivity. A decrease in circulating free fatty acids and insulin-like growth factors (IGF1), increased AMPK activity, increased PGC-1a activity, and an increase in mitochondria occurred (Corbi et al. 2013) . Our experimental data also showed similar events. In the A18 group, IGF1 expression decreased and SIRT1 expression increased (Figs. 3c and 4) .
Although there are other proteins that help the heart survive through compensatory performance, SIRT1 for example (Fig. 4) , aging is the main factor of survival. In the aging rat heart, upstream pAMPK decreased due to aging and downstream PGC-1 activation was increased. However, no age-related significant increase of SIRT1 occurred. Even more surprising is the fact that after exercise training, pAMPK, SIRT1, and PGC-1 expression levels were highly increased in aging rats, just as with young rats given the same exercise training (Figs. 4 and 5) .
In conclusion, the IGF1-R/PI3K/Akt survival pathway in the young rat heart can be increased through exercise training. As the rat ages, this pathway loses its original function. This study showed that SIRT1 and its downstream PGC-1α constitute a novel alternative survival pathway for the heart. With increasing age and compensatory performance, exercise training can Fig. 4 The representative protein products of pAMPK, SIRT1, and PGC-1α extracted from the left ventricles of two rats in each group, SD rats (C3), aging rats (A12, A18), and aging, exercisetrained rats (E3, AE12, AE18) were measured using Western increase SIRT longevity pathway performance instead of IGF1 survival signaling and increase the chance for cardiomyocyte survival.
